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ABSTRACT

Abroadband line interface circuit has a transmission module
and a reception module. The transmission module has a
parallel-to-serial converter 11 that receives data from a
multiplexer 14 that multiplexes data from one or more 1nput

[ES]  SPain «eeeeeeeeeeeererereeereeree. 0602435 _ _ es
data tributaries. The transmission module also has a ran-
.................................. HO04J 3/06; HO4J 3/02 domizer 15, a transmission clock generator 12, and a parity
US.CL e, 370/816; 370/537 generator 13. The receiver module has a serial-to-parallel
Field of Search ..........ccccoovvvvvvnennnnn. 370/395, 244, converter 33 that receives data under control of a reception
370/532, 533, 535, 536, 537, 538, 539, clock generator 34. The serial-to-parallel converter sends
359, 419, 463, 907, 465, 516, 517 parallel data to a demultiplexer 36 and to a parity verification
block 32. A derandomizer 37 1s connected with the demul-
References Cited tiplexer 36, which demultiplexes the data onto one or more
US PATENT DOCUMENTS output data tributaries.
2/1992 Wettengel ......ccccoeeveerieviennennns 370/535 12 Claims, 2 Drawing Sheets
PARITY
FIELD
POS'N 16
- 17
XMIT
FRAME
HIGH—SPEED START
RECEPTION
L.LOOP A [
WMIT DATA ) 14 TRIBUTARIES
1 #— 18
9 < PARALLEL |,  DAIA '
OUTPUT XMIT CLK T0 ux 1|7
3 ——— SERIAL  jg———— «———~— 20
11
4 ¢— — | :
Y U 74— 21
TRANSMITTER XMIT
' 48 | BYTE
CLK
XMIT
LINE
FREQ. 12
8 XMIT TRIBUTARY CLK
XMIT CLK —» 22
g - GEN.
XMIT
15 FRAME
— START
- RANDOMIZER 17
- 235

DISABLE




U.S. Patent Oct. 17, 2000 Sheet 1 of 2

FIG. 1

6,134,247

PARITY
FIELD
13 POS'N_ 4 ¢
PARITY
17
GEN. XMIT
4 FRAME
HIGH—SPEED START
RECEPTION
LooP | &
CONTROL | 7 10
T DATA A SEL 14 TRIBUTARIES
il 18
5 ) | PARALLEL ‘o
OgTF‘UT XMIT CLK TO .
i 2
1
4‘— w 21
TRANSMITTER
XMIT
LINE
FREQ 12
8 ) XMIT TRIBUTARY CLK
.- XMIT CLK 29
Q (O GEN.
XMIT
< FRAME
15 START
RANDOMIZER - 17
23

DISABLE



U.S. Patent Oct. 17, 2000 Sheet 2 of 2 6,134,247

FIG., 2

32 RECEPTION FRAME START
Lo 1 24 PARITY 38
PARITY FIELD POS'N
MUX
25
RECEPTION
LINE
28
l
H.S. OUTPUT
TRIBUTARIES
H.S. 25 36 10
DATA IN -
6 41
42
27/ SERIAL MUK
30 TO 43
NEW ALIGNMENT SEARCH| PARALLEL
31 33
DISABLE ALIGNMENT
RECEIVER
————  RECEPTION
BYTE
CLOCK
RECEPTION
LINE
[;REQ' A ' =4 ALIGNMENT SEQ. _ ,
) RCY_CLK RECEPTION
29 F9C GEN. A5
TRIBUTARY CLOCK
| RECEPTION
FRAME
37 STAI%TB
DERANDOMIZER
4.6

DISABLE




0,134,247

1
BROADBAND LINE INTERFACE CIRCUIT

REFERENCE TO FOREIGN APPLICATTON

The present application claims priority to Spanish patent
application 9 602 435, filed Nov. 19, 1996, which 1s 1ncor-
porated herein by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention has its application i1n the field of
telecommunications, more specifically in the transport and
switching layers of the synchronous digital hierarchy (SDH)
and of the broadband integrated services digital network
(B-ISDN). More specifically, the present invention relates to
broadband line interface circuits used 1n equipment of
broadband integrated services digital networks (B-ISDN) or
of the synchronous digital hierarchy (SDH).

2. Related Art

There exist commercial products that perform serial-to-
parallel and parallel-to-serial conversion, as well as the
possibility, by means of discrete components, of performing,
regeneration section termination, and synchronous multi-
plexing for interfaces of high-speed binary systems.
However, known systems performing these functions
require complex, bulky circuitry with high power consump-
tion.

The broadband line interface circuit (IC) according to the
invention solves problems associated with known systems,
by presenting a new architecture that performs these func-
tions with reduced circuit complexity, smaller size, and
reduced power consumption. This achievement reduces the
cost of equipment for transmitting and switching on broad-
band integrated services digital networks (B-ISDN) and of
the synchronous digital hierarchy (SDH).

SUMMARY OF THE INVENTION

The broadband line interface circuit according to the
invention constitutes a novelty 1n 1ts field, because, with its
characteristics, there 1s a new solution for broadband line
interface circuits used 1n the equipment of the terminal
section (where the signal is multiplexed/demultiplexed and
regenerated) of the broadband integrated services digital
network (B-ISDN), or of the synchronous digital hierarchy
(SDH).

More specifically, the mventive broadband line interface
circuit performs parallel-to-serial and serial-to-parallel
conversion, multiplexing and demultiplexing a plurality of
streams of synchronous frames 1nto a single serial stream,
suitable for transmission 1n optical fiber links. The mnvention
has two modules, a transmission module and a reception
module.

The transmission module performs synchronous
multiplexing, generation of regeneration section parity, line
and terminal randomization, and parallel-to-serial conver-
sion. The preferred embodiment of the transmission module
includes a parity generator, a randomizer, a transmission
clock generator, a multiplexer, and a parallel-to-serial con-
verter.

The parity generator calculates the regeneration section
parity on all the bytes of each synchronous frame transmit-
ted after synchronous multiplexing and line randomization.
The calculated value of the parity in each frame 1s inserted
in the field corresponding to the parity of the regeneration
section of the following frame, prior to line randomization.
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The position that the field occupies 1s determined by a signal
that 1s a primary input to the transmission module.

The randomizer performs terminal randomization and line
randomization. Terminal randomization 1s performed 1nde-
pendently on each of the tributaries that are multiplexed
synchronously. Line randomization 1s performed on the
oglobal stream of bytes, after the tributaries have been
multiplexed. The object of terminal randomization is to
facilitate interconnection of the inventive interface with
other devices of lower speed that may use signals with PECL
levels (Positive Emitter Coupled Logic), which have frame
levels shifted relative to the ECL levels (Emitter Coupled
Logic) that are preferably used in the inventive system for
input of tributary data.

The sequence that the two randomization steps generate 1s
restarted 1n each synchronous frame with a transmission
frame start signal. A signal indicates to the randomizer, the
bytes that belong to the first row of the regeneration section
tally of each synchronous frame, which do not have to
undergo any randomization process. Terminal and line ran-
domization may be disabled by a disable signal that 1s a
primary input to the transmission module.

The transmission clock generator generates and
distributes, for the remainder of the transmission module,
clocks derived from a transmission line frequency that 1s a
primary input to the transmission module, the transmission
line frequency signal bemng provided at differential ECL
logic levels. The derived clocks 1nclude a transmission byte
clock used mternally m the circuit, and a transmission
tributary clock that 1s a primary output of the transmission
module.

The multiplexer transtorms the group of byte streams
from the selected tributaries into a single multiplexed stream
for transmission. The number of tributaries 1s selected by
means of a combination of signals that are primary inputs to
the transmission module. The byte streams of the selected
tributaries are also input to the transmission module via the
assoclated primary 1nputs. Synchronous multiplexing is per-
formed by successively inserting one byte of the higher
order tributary, then one byte of the tributary of the next-
higher order, and so one, successively.

The parallel-to-serial converter transforms the stream of
multiplexed bytes into a stream of serial bytes. The parallel-
to-sertal converter generates the primary outputs of the
output transmission clock circuit and transmission data
output, appropriately aligned for use by external circuitry.
Both output signals preferably use differential ECL logic
levels (in which corresponding negated signals are also
provided).

The parallel-to-parallel converter also performs the func-
tion of a remote loop, which 1s governed by a control signal
that 1s a primary input to the module. When the remote loop
1s activated, the data and the high speed reception clock are
sent directly to the data and transmission clock output lines.
Establishment of loops 1n particularly useful to perform tests
of the network over corresponding interfaces.

The reception module performs synchronous
demultiplexing, regeneration section parity verification, line
and terminal randomization, and serial-to-parallel conver-
sion. The reception module preferably includes a parity
verification block, a derandomizer, a reception clock
generator, a demultiplexer, and a serial-to-parallel converter.

The parity verification block calculates regeneration sec-
tion parity of the synchronous frames received, and com-
pares 1t with the regeneration section parity field received.
The result of the comparison is substituted 1n the regenera-
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fion section parity field itself, and if the compared parities
are equal, the result of the comparisons 1s 00'H. The regen-
eration section parity field position is identified by means of
a signal that 1s a primary input to the module.

The derandomizer performs both terminal derandomiza-
fion and line derandomization. Terminal derandomization 1s
performed 1mndependently on each of the tributaries that are
synchronously demultiplexed, whereas line derandomiza-
fion 1s performed on the global stream of bytes before they
arec demultiplexed. Terminal derandomization facilitates
interconnection of the mventive interface with other devices
of lower speed. The sequence that the two steps of deran-
domization generate 1s restarted 1 each synchronous frame
with a reception frame start signals that 1s a primary input to
the module. This same reception frame start signal 1dentifies
the bytes that belong to the first row of the synchronous
frame regeneration section tally, which do not have to
undergo any derandomization process. Both derandomiza-
fion steps may be disabled by means of a disable signal that
1s a primary 1nput to the module.

The reception clock generator generates and distributes to
the remainder of the reception elements, clocks derived from
the reception line frequency, which 1s a primary mput to the
module, one that uses differential ECL logic levels. The
derived clocks include an internal reception byte clock, and
a reception tributary clock that 1s a primary output of the
module.

The demultiplexer transforms a stream of received bytes
into a number of streams directed to corresponding tribu-
taries. The number of tributaries 1s selected by means of
signals that are primary input to the module. The streams of
selected tributaries bytes leave the device via appropriate
primary outputs. Synchronous demultiplexing 1s performed
by successively extracting, from the stream of received
bytes, one byte directed to the high order tributary, followed
by another byte of the next-higher order, and so one,
successively.

The serial-to-parallel converter transforms the serial bit
stream, received on the primary high-speed data input, into
a stream of bytes. The primary high-speed data mput signal
uses differential ECL logic levels (in which a corresponding
negated signal also appears as a primary input to the
module). To transform the serial stream of bits into a stream
of bytes, there 1s a two-state state machine. The two states
are LOCKED and UNLOCKED, which are controlled by

means of a plurality of primary input signals.

In the UNLOCKED state, the serial-to-parallel converter
scarches for a synchronous frame alignment sequence.
When the synchronous frame alignment sequence 1s found,
the converter aligns the bytes it generates so that the
alignment sequence 1s transformed 1nto a pair of bytes, and
the machine changes to the LOCKED state. Thereatfter, the
machine retains the byte phase captured with the alignment
sequence, and remains in this state as long as 1t is not
informed, via a control signal, that 1t must perform a new

alignment process. If that occurs, the machine changes to the
UNLOCKED state and restarts the process.

The alignment process may be disabled by a control
signal that 1s a primary mput to the module. When this
happens, the serial-to-parallel converter generates the bytes
from the serial bit stream completely independent of detec-
fion of the alignment sequence of the synchronous frame.

The serial-to-parallel converter also performs the function
of a local loop, in which the primary high-speed output
branches from the high-speed data transmission wire, in
accordance with a control signal that 1s a primary 1nput to the
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module. Establishment of loops 1s useful to perform tests on
the network over corresponding interfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1invention 1s better understood by reading the follow-
ing Detailed Description of the Preferred Embodiments with
reference to the accompanying drawing figures, in which
like reference numerals refer to like elements throughout,
and 1n which:

FIG. 1 1s a block diagram of a transmission module of the
broadband line interface circuit according to a preferred
embodiment of the present invention.

FIG. 2 1s a block diagram of the reception module of the
broadband line interface circuit according to a preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In describing preferred embodiments of the present inven-
tion 1llustrated 1n the drawings, specific terminology 1is
employed for the sake of clarity. However, the invention 1s
not mtended to be limited to the specific terminology so
selected, and 1t 1s to be understood that each specific element
includes all technical equivalents that operate 1n a similar
manner to accomplish a similar purpose.

A preferred embodiment of the mvention performs serial-
to-parallel and parallel-to-serial conversion for ratings up to
622 Mb/s, and regeneration section termination. It also
performs synchronous multiplexing of up to four tributaries,
including frame alignment detection, generation and verifi-
cation of regeneration section parity, and line randomization
and derandomization.

The drawing figures 1llustrate how the preferred embodi-
ment of the mventive broadband line interface circuit 1s
divided 1nto two modules, one for transmission and the other
for reception, depicted 1n FIGS. 1 and 2, respectively.

The transmission module depicted in FIG. 1 performs
synchronous multiplexing, generation of the regeneration
section parity, line and terminal randomization, and parallel-
to-serial conversion, 1n accordance with recommendations
G.707, G.708, and G.709 of the ITU-T. The reception
module depicted 1in FIG. 2 performs synchronous
demultiplexing, verifies regeneration section parity (B1),
performs terminal and line derandomization, and serial-to-

parallel conversion, in accordance with the aforementioned
recommendations G.707, G.708, and G.709 of the ITU-T.

FIG. 1 shows an embodiment of the mnventive transmis-
sion module 1ncluding a parity generator 13, a randomizer
15, a transmission clock generator 12, a multiplexer 14, and
a parallel-to-serial converter 11.

The parity generator 13 calculates the regeneration sec-
tion parity B1 on all the bytes of each synchronous frame
transmitted after synchronous multiplexing and line ran-
domization. The calculated value of the parity in each frame
1s 1nserted 1n the field corresponding to the parity of the
regeneration section of the following frame, prior to line
randomization. The position that the field occupies 1s 1ndi-
cated by a high-level active pulse of a signal 16 that 1s a
primary input to the module.

Randomizer 15 performs both terminal randomization
and line randomization. The two processes generate pseudo-

random sequences 1n accordance with the primitive polyno-
mial:

g(x)=x"+x°+1
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Terminal randomization 1s performed independently on
cach of the tributaries that are multiplexed synchronously,
whereas line randomization i1s performed in the global
stream of bytes, after the tributaries have been multiplexed.
Terminal randomization facilitates interconnection of the
invention with other devices of lower speed that may use
signals with PECL levels (Positive Emitter Coupled Logic),
which 1n turn have frame levels shifted relative to the ECL

levels preferably used on tributary inputs 18, 19, 20, and 21.
Terminal randomization permits adaptation of frame levels

by means of a simple pass capacitor, because of which the
stream of randomized terminal data does not contain infor-

mation 1 low Ifrequencies. The sequence that the two
randomization steps generate 1s restarted 1n each synchro-
nous frame with a transmission frame start signal 17 that 1s
a primary input to the module.

Signal 17, a transmission frame start signal, identifies, by
means of an active-high pulse, the bytes that belong to the
first row of the regeneration section tally of each synchro-
nous frame, which, in accordance with recommendation
G.708 of the ITU-T, do not have to undergo any random-
1zation process. Both the terminal and line randomization
processes may be disabled by a signal 23 that 1s a primary
input to the module.

Transmission clock generator 12 generates and
distributes, for the remainder of the transmission modules,
clocks derived from transmission line frequency 8, which 1s
a primary 1nput of the device, and which uses differential
ECL logic levels (in which a negated signal 9 also appears
as mput). The derived clocks include a transmission byte
clock 48 that 1s used mternally 1n the circuit, and a trans-
mission tributary clock 22 that 1s a primary output of the
module.

Multiplexer 14 transforms groups of byte streams from
selected tributaries 1to a signal multiplexed stream, for
transmission. The number of tributaries 1s selected by means
of a combination of signals 10 that are primary inputs to the

module. The combination of signals indicates the following:
Combination 00 mdicates that there 1s a single tributary.
Combination 01 indicates that there are two tributaries.
Combination 10 indicates that there are three tributaries.

Combination 11 indicates that there are four tributaries.
The byte streams of the selected tributaries are introduced
into the device via primary inputs 21, 20, 19, and 18, with
the primary input 21 being that of the higher order. Syn-
chronous multiplexing 1s performed by inserting one byte of
the higher order tributary, one byte of the tributary of the
next-higher order, and so one, successively.

Parallel-to-serial converter 11 transforms the stream of
multiplexed bytes into a stream of serial bytes. The parallel-
to-serial converter 11 generates the primary outputs of the
output transmission clock circuit 3 and that of the transmis-
sion data 1, appropriately aligned for use by the external
circuitry. Both signals use differential ECL logic levels for
which reason corresponding negated signals 4 and 2,
respectively, are also provided.

The parallel-to-serial converter 11 also performs the func-
fion of a remote loop, governed by a control signal 5 that 1s
a primary mput to the module. When a remote loop 1s
activated, data wires 6 and high-speed reception clock wires
7 are connected directly to transmission data wire 1 and
transmission clock wire 3, respectively. Establishment of
loops 1s particularly useful to perform tests of the network
over corresponding interfaces.

FIG. 2 shows an embodiment of the inventive reception
module including a parity veriication block 32, a deran-
domizer 37, a reception clock generator 34, a demultiplexer
36, and a serial-to-parallel converter 33.
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Parity verification block 32 calculates the regeneration
section parity Bl on the synchronous frames received, and
compares 1t with the regeneration section parity field
received. The result of the comparison 1s substituted 1n the
regeneration section parity field itself, and if the compared
parities are equal, the result of the comparison 1s O0'H. The
regeneration section parity field position 1s 1dentified by an
active-high pulse of signal 39 that 1s a primary input to the
module.

Derandomizer 37 performs both terminal derandomiza-
tion and line derandomization. Terminal derandomization 1s
performed 1independently on each one of the tributaries that
are synchronously demultiplexed, whereas line derandom-
1zation 1s performed on the global stream of bytes before
they are demultiplexed. The two derandomization steps
generate pseudo-random sequences 1n accordance with the
primitive polynomial:

g(x)=x"x+1.

Terminal derandomization facilitates interconnection of the
inventive interface with other devices of lower speed, the
same as randomizer 15 of the transmission module. The
sequence that the two steps of derandomization generate 1s
restarted 1n each synchronous frame with a reception frame
start signal 38 that 1s a primary iput to the module. This
same signal 1dentifies the bytes that belong to the first row
of the synchronous frame regeneration section tally, which,
in accordance with recommendations G.708 of the I'TU, do
not have to undergo any derandomization process. Both
derandomization processes may be disabled by a signal 46
that 1s a primary input to the module.

Reception clock generator 34 generates and distributes,
for the remainder of the reception module, clocks derived
from a reception line frequency 7 that 1s a primary mput to
the module and that uses differential ECL logic levels, for
which reason a corresponding negated signal 29 1s also
provided. The derived clocks include an internal reception
byte clock 47, and a reception tributary clock 45 that 1s a
primary output of the module.

Demultiplexer 36 transforms a stream of received bytes
into a number of streams directed to corresponding tribu-
taries. The number of tributaries 1s selected by a combina-
tion of two signals 35 that are primary 1nputs to the module.
The combination of signals indicates the following;:

Combination 00 indicates that there 1s a single tributary.
Combination 01 indicates that there are two tributaries.

Combination 10 indicates that there are three tributaries.

Combination 11 indicates that there are four tributaries.
Thus, 1n the 1llustrated embodiment, 1t 1s possible to select
four tributaries. The streams of bytes of the selected tribu-
taries leave the device via appropriate primary outputs 43,
42, 41, and 40, with synchronous demultiplexing being
performed by successively extracting from the stream of
bytes received, one byte directed to the higher-order tribu-
tary 43, followed by another byte directed to the next-higher
order tributary 42, and so on, successively.

Serial-to-parallel converter 33 transforms the serial bit
stream, received at the primary high speed data input 6, into
a stream of bytes. The high-speed data input signal 6 uses
differential ECL logic levels, for which reason a negated
signal 27 1s also provided as a primary mnput. To transform
the serial stream of bits 1nto a stream of bytes, there 1s a two
state machine, whose states are LOCKED and
UNLOCKED. The states are controlled by two signals 30
and 31 that are primary inputs to the circuit.

In the UNLOCKED state, the serial-to-parallel converter
33 searches for the appearance of a synchronous frame
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alignment sequence, such as (for example)
1111011000101000'B. When the synchronous frame align-

ment sequence 1s found, the converter aligns the bytes 1t
ogenerates so that the above bit sequence 1s transformed 1nto
a pair of bytes F6'H and 28'H, and the machine changes to
the LOCKED state. Thereafter, the machine retains the byte
phase captured with the first alignment sequence and
remains 1n this state as long as it 1s not informed, via an
active-low pulse 1n control signal 30, that it must perform a
new alignment process.

Subsequent alignment sequences detected in the reception
stream produce an active-high pulse in primary output 44, so
that the pulse coincides with the interval of clock signal 435,
immediately following the byte with the value 28'H that the

second byte of the alignment sequence presents. After the
pulse 1n signal 30, the machine changes to the UNLOCKED
state and restarts the process.

The alignment process may be disabled by a control
signal 31 that 1s a primary input to the module. When this
occurs, control signal 31 1s at a low level, and the converter
33 gencrates bytes from the serial bit stream completely
independently of detection of the alignment sequence of the
synchronous frame.

In addition, the serial-to-parallel converter 33 performs
the function of a local loop, and the primary high-speed
output 26 branches, via the multiplexer 25, from the high-
speed data transmission wire 1, or from the reception line, in
accordance with the value of a control signal 24 that 1s a
primary 1nput to the module. Establishment of loops 1s
uselul to perform tests on the network over corresponding,
interfaces.

It 1s not deemed necessary to make this description more
extensive for any person skilled i the art to understand the
scope of the mmvention and the advantages derived there-
from. The materials, shape, size, and disposition of the
clements may be altered provided that presupposes no
change in the essence of the invention. The terms 1n which
this description has been made must always be interpreted
broadly and non-restrictively. Modifications and variations
of the above-described embodiments of the present inven-
fion are possible, as appreciated by those skilled 1n the art in
light of the above teachings. It 1s therefore to be understood
that, within the scope of the appended claims and their
equivalents, the mnvention may be practiced otherwise than
as specifically described.

What 1s claimed 1s:

1. A broadband line interface circuit comprising:

a) a transmission module, including:
1) a multiplexer for receiving data from at least one
input data tributary;
2) a parity generator for calculating a byte parity of data
passing through the multiplexer, and for inserting a
resulting byte parity calculation into a predetermined
field of a data frame;
3) a randomizer for performing randomization on the
data that had passed through the multiplexer, the
randomizer 1ncluding:
means for performing terminal randomization inde-
pendently on each input data tributary that is
synchronously multiplexed by the multiplexer;

means for performing line randomization on a global
stream of bytes, after the tributaries have been
multiplexed by the multiplexer; and

a disable 1nput for receiving a disable signal that 1s
a primary input of the transmission module, for
disabling both the means for performing the ter-
minal randomization and the means for perform-
ing the line randomization;
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4) a parallel-to-serial converter for receiving multi-
plexed data from the multiplexer and for converting,
1t to a serial data stream that 1s transmitted from the
transmission module; and

5) a transmission clock generator for generating trans-

mission clocks to govern timing of transmission of
the serial data from the transmission module; and

b) a reception module, including;:

1) a reception clock generator for generating reception
clocks to govern timing of reception of receiving,
serial data;

2) a serial-to-parallel converter, controllably timed by
one of the reception clocks, for converting the
received serial data mto parallel data;

3) a parity verification block for verifying byte parity in
the received serial data;

4) a demultiplexer for demultiplexing parallel data
from the serial-to-parallel converter into at least one
output data tributary; and

5) a derandomizer for derandomizing the data passing
through the demultiplexer.

2. The circuit of claim 1, wherein the parity generator
includes:

means for calculating regeneration section parity on bytes
of transmitted frames, after the multiplexer has per-
formed synchronous multiplexing and the randomizer
has performed line randomization.
3. The circuit of claim 1, wherein the transmission clock
generator mcludes:

means for generating and distributing, to a remainder of
the transmission module, derived clocks including (1)
a transmission byte clock that i1s internal to the trans-
mission module and (2) a transmission tributary clock
that 1s a primary output of the transmission module.
4. The circuit of claim 1, wherein the parallel-to-serial
converter includes:

remote loop means for connecting a data line and a
high-speed reception clock with, respectively, a trans-
mission data output and a transmission clock output
that are primary outputs from the transmission module.

5. The circuit of claim 1, wherein the reception clock

generator 1ncludes:

means for generating and distributing, to a remainder of
the reception module, derived clocks including (1) a
reception byte clock internal to the reception module
and (2) a reception tributary clock constituting a pri-
mary output of the receiver module.
6. The circuit of claim 1, wherein the serial-to-parallel
converter includes a state machine having first and second
states, wherein:

1) the first state includes searching for occurrence of a
synchronous frame alignment sequence;

2) the second state including maintaining a captured byte
phase and remaining in the second state until a control
signal informs the state machine of a new alignment
search; and

3) the state machine includes a primary input to the
receiver module that can disable an alignment process.
7. A broadband line interface circuit comprising;:

a) a transmission module, including:

1) a multiplexer for receiving data from at least one
input data tributary;

2) a parity generator for calculating a byte parity of data
passing through the multiplexer, and for inserting a
resulting byte parity calculation into a predetermined
field of a data frame;
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3) a randomizer for performing randomization on the
data that has passed through the multiplexer;

4) a parallel-to-serial converter for receiving multi-
plexed data from the multiplexer and for converting
it to a serial data stream that 1s transmitted from the
transmission module; and

5) a transmission clock generator for generating trans-
mission clocks to govern timing of transmission of
the serial data from the transmission module; and

b) a reception module, including;
1) a reception clock generator for generating reception
clocks to govern timing of reception of received
serial data;
2) a serial-to-parallel converter, controllably timed by
one of the reception clocks, for converting the
received serial data into parallel data;
3) a parity verification block for verifying byte parity
into the received serial data;
4) a demultiplexer for demultiplexing parallel data
from the serial-to-parallel converter 1nto at least one
output data tributary; and
5) a derandomizer for derandomizing the data passing
through the demultiplexer, the derandomizer includ-
Ing:
means for performing terminal derandomization
independently on each of the output data tributar-
ies that are synchronously demultiplexed;

means for performing line derandomization on a
global stream of bytes before the bytes are demul-
tiplexed; and

a disable signal 1nput, constituting a primary 1put of
the receiver module, for receiving a disable signal
that disables both the means for performing ter-
minal derandomization and the means for per-
forming line derandomization.

8. The circuit of claim 7, wherein the parity generator
includes:
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means for calculating regeneration section parity on bytes
of transmitted frames, after the multiplexer has per-
formed synchronous multiplexing and the randomizer
has performed line randomization.
9. The circuit of claim 7, wherein the transmission clock
generator mcludes:

means for generating and distributing, to a remainder of
the transmission module, derived clocks including (1)
a transmission byte clock that is internal to the trans-

mission module and (2) a transmission tributary clock
that 1s a primary output of the transmission module.
10. The circuit of claim 7, wherein the parallel-to-serial
converter includes:

remote loop means for connecting a data line and a
high-speed reception clock with, respectively, a trans-
mission data output and a transmission clock output
that are primary outputs from the transmission module.

11. The circuit of claim 7, wherein the reception clock

generator 1ncludes:

means for generating and distributing, to a remainder of
the reception module, derived clocks (1) a reception
byte clock internal to the reception module and (2) a
reception tributary clock constituting a primary output
of the recerver module.
12. The circuit of claim 7, wherein the serial-to-parallel
converter includes a state machine having first and second
states, wherein:

1) the first state includes searching for occurrence of a
synchronous frame alignment sequence;

2) the second state includes maintaining a captured byte
phase and remaining in the second state until a control
signal informs the state machine of a new alignment
search; and

3) the state machine includes a primary input to the
receiver module that can disable an alignment process.
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